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DISCUSSION  OF  THE  EXPERIMENT 


The  Special  Jensor  B/ Aerospace  (SSB/A),  flown  on  the  USAF-DMSP-F6  satel¬ 
lite,  is  a  two -8 canning -he ad  X-ray  spectrometer  designed  to  measure  X-rays  in 
the  energy  range  1.8  keV  to  >  100  keV  emanating  from  the  Earth's  atmosphere.* 
This  instrument  is  a  second  generation  X-ray  spectrometer*  capable  of 
determining  the  X-ray  energy  spectrum  of  any  source  within  a  70  km  x  130  km 
pixel  size  from  llmb-to-limb  of  the  earth. 

The  SSB/A  instrument  was  launched  aboard  the  DMSP-F6  satellite  on 
December  20,  1982  into  a  dusk-dawn  sun-synchronous  polar  orbit  at  an  altitude 
of  830  km.  In  addition  to  a  primary  visible  Imager  designed  to  measure  near- 
infrared  wavelength  emissions  with  a  spatial  resolution  of  a  few  km,  other 
special  sensors  aboard  Include  precipitating  electron  and  ion  electrostatic 
analyzers  (SSJ/4)  capable  of  measuring  high- latitude  auroral  fluxes  from  0.03 
to  30  keV  every  second.  With  these  instruments  auroral  phenomena  can  be 
monitored  over  each  polar  region  every  50  minutes.  The  visible  Imagery  and 
the  precipitating  charged  particle  data  are  archived  through  the  NOAA  World 
Data  Center  and  are  available  by  subscription. 


Full  paper  available  as  an  Aerospace  Corporation  Technical  Report  (TR- 
0084( 4940-06 )-l) ."Description  of  the  SSB/A  X-Ray  Spectrometer,"  W.  A. 
Kolaslnski  and  P.  F.  Mlzera. 


The  SSB/A  Instrument  Is  composed  of  5  principal  components:  The  high- 
energy  X-ray  sensor,  the  low  -energy  X-ray  sensor,  a  hydrogen  Lyman -alpha 
sensor,  background  monitors,  and  the  motor  drives  and  programmer  unit*  All 
relevant  information  Is  sent  through  a  data  processing  unit  and  telemetered  to 
ground  stations. 

The  mass  of  the  Instrument  is  14,5  kg  and  consumes  9  watts  of  power  when 
fully  operating.  Among  some  of  the  unique  features  of  the  X-ray  spectrometer 
are  the  two  scanning  heads  which  rotate  across  a  110°  arc  with  opposite  angu¬ 
lar  velocities.  A  complete  limb  to  limb  scan  takes  10  seconds,  with  a  complete 
data  readout  each  second. 

The  high-energy  X-ray  scanning  head  contained  3  cadmium  telluride  semi¬ 
conducting  detectors  approximately  1  cm^  by  0,2  cm  thick,  each  with  antl- 
colncldent  scintillator  shields.  The  field  of  view  of  each  detector  Is  14° 
and  symmetrical  about  the  telescope  axis.  Three  differential  energy  channels 
were  obtained  from  thresholds  set  at  15,  30,  60,  and  100  keV.  The  cadmium 
telluride  detectors  operate  most  efficiently  below  -  0*C,  #  temperature  main¬ 
tained  by  passive  thermal  control. 

The  low-energy  X-ray  scanning  head  contains  a  proportional  gas  counter 
with  a  three -atmosphere  mixture  of  argon  and  xenon  with  a  CO2  quench.  The 
0.01-cn -thick  beryllium  windows  set  the  low-energy  X-ray  threshold  st  approxi¬ 
mately  1,8  keV,  The  effective  area  of  the  detector  Is  3,7  cm^  and  the 

entrance  collimator  subtended  s  5*  (In  trsck)  by  10*  (cross-treck)  field  of 
view  (full  width  he If  maximum  Intensity), 
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Two  methods  are  employed  to  reduce  the  background  signals  from  the  low 
energy  sensor.  A  broom  or  bending  magnet  is  mounted  at  the  entrance  collima¬ 
tor  to  prevent  electrons  from  entering  the  collimator  and  producing  local 
bremsstrahlung  X  rays.  The  second  method  employs  the  fast  rise  time  of  the 
proportional  counter  pulse  in  order  to  discriminate  X  rays  from  energetic 
penetrating  charged  particles.  The  results  of  these  background  suppression 
techniques  are  evident  in  the  orbital  data.  For  example,  over  the  polar  caps 
of  the  Earth,  the  background  rate  is  less  than  1  count /sec /channel  and  remains 
low  even  when  the  instrument  views  magnetic  field  lines  that  contain  auroral 
electrons. 

The  major  sources  of  background  on  orbit  are  (1)  energetic  trapped  elec¬ 
trons  near  the  low-latitude  boundary  of  the  aurora  and  (2)  auroral  electrons 
impinging  on  a  sun  shield  used  for  the  prime  visible  Imager.  The  energetic 
electrons  produce  X  rays  with  energies  up  to  a  few  hundred  keV  when  they  stop 
in  the  spacecraft  structure.  Although  the  proportional  counter  was  shielded 
with  a  high-atomic-number  material  (tantalum,  Z  ■  73),  the  energetic  X-ray 

background  is  too  intense  in  the  radiation  belts  to  make  useful  measurements. 

•  . 

The  second  source  of  local  X  rays  is  due  to  a  sun  shield  umbrella  structure 
that  came  into  the  field  of  view  of  the  X-ray  scanner  approximately  20%  of  the 
time.  When  auroral  electrons  Interact  with  the  sun  shield  they  produce  an 
X-ray  background  that  is  Impossible  to  distinguish  from  X  rays  emanating  from 
the  Earth.  Background  from  solar  X  rays  is  not  significant  except  during 


severe  solar  flares 


Remote  sensing  of  X  rays  produced  by  eurorel  electrons  precipitating 
Into  the  Earth's  atmosphere  has  many  applications.  Some  of  these  Include  the 
ability  to  predict  radiowave  propagation  deficiencies  fay  monitoring  enhanced 
Ionization  and  the  capability  of  producing  hlgh-latltude  electrical  conductiv¬ 
ity  profiles  for  magnetos pheric  models  under  both  sunlit  and  dark  conditions* 

Figure  1  shows  a  sequence  of  north  polar  X-ray  Images  acquired  by  DMSP-F6 
on  January  16,  1983*  The  satellite  crosses  the  dawn  local  time  aurora  at  the 
bottom  of  each  image  and  proceeds  across  the  polar  cap  to  the  dusk  sector* 
The  sun  is  to  the  right*  From  an  altitude  of  ~  830  km,  the  Image  covers 
approximately  50%  of  the  polar  region  above  70*  latitude  and  approximately  3SZ 
above  60°  latitude*  The  total  X-ray  fluence  is  plotted  In  Figure  1,  although 
spectral  information  Is  available  also* 

The  first  polar  crossing  occurred  near  11:49  Universal  Time  (UT)  and  Is 
shown  in  the  top  left  hand  corner  of  Figure  1*  The  satellite  crossed  the 
center  of  Canada  near  06  hours  local  time*  The  auroral  activity  extended  from 
Fort  Churchill  on  Hudson  Bay  up  to  the  northern  border  of  the  northwest  terri¬ 
tories.  On  the  left  side  of  the  Image,  the  aurora  extended  out  from  local 
midnight  almost  up  to  80*  north  latitude* 

The  next  northern  crossing  almost  paralleled  the  western  border  of 
Canada*  The  aurora,  situated  in  the  local  midnight  to  local  dawn  time 
sector  ,  crosses  the  southern  border  of  Alaska*  Significant  auroral  activity 
Is  apparent  even  at  the  highest  latitudes* 


15:17  U.  T. 
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The  third  in  this  series  of  northern  polsr  crossings  pessed  through  the 
center  of  Alaska  in  the  dawn  local  tiae  sector.  The  ectlvity  is  confined  to 
the  auroral  oval  with  a  spatial  width  of  ~  200  km  and  little  activity  over 
the  polar  cap.  The  dusk  aurora  extends  around  to  the  Scandinavian  countries. 

Near  16:51  UT,  the  satellite  crossed  the  western  Aleutian  Islands  at  dawn 
and  the  auroral  activity  has  moved  to  the  north  of  Aleska  and  well  onto  the 
polar  cap.  The  dusk  activity  is  weak  and  ie  located  on  the  northern  border  of 
the  Scandinavian  countries.  On  the  next  northern  polar  orbit,  the  auroral 
activity  Intensifies  near  local  midnight  near  the  Kara  Sea  at  the  northern 
border  of  Russia. 

The  last  image  shows  the  aurora  near  20:11  UT  and  illustrates  how  the 
global  auroral  activity  had  decreased.  Weak  activity  encircles  the  northern 
border  of  Greenland. 

Examples  of  X-ray  images  acquired  by  the  SSB/A  instrument  aboard  the 
DMSP-F6  satellite  show  it  is  possible  to  determine  auroral  boundaries  with 
spatial  resolution  of  -  100  km.  Methods  of  inferring  spectra  of  precipitating 
auroral  electrons  from  the  X-ray  data  provided  by  the  SSB/A  spectrometer  have 
been  developed.  Apart  from  providing  a  measure  of  auroral  activity  in  the 
form  of  energy  input  to  the  atmosphere,  these  spectra  allow  calculations  of 
altitude-density  profiles  of  electrons  in  the  ionosphere  and  the  determination 
of  ionospheric  conductivities. 2  Remote  sensing  of  the  ionosphere  has  been 
used  to  compare  the  upper  D  and  E  profiles  of  the  ionosphere  inferred  from  X~ 
rays  with  those  measured  by  ground-based  redar  measurements .3  Studies  are 
currently  underway  to  compare  Images  of  auroral  X-ray  production  with  cosmic 
noise  ebeorption  events  taken  by  rlometers  at  the  South  Pole. 
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A«  Laboratory  Operations  of  lha  Aerospace  Corporation  la  conducting  exper¬ 
imental  and  tbaoratleal  Investigations  nacacaary  for  tba  evaluation  and  applica¬ 
tion  of  aclontlflc  advances  to  non  nllltary  apaea  ayataaa.  Versatility  aad 
flexibility  lun  boon  developed  to  a  high  degree  by  tba  laboratory  paraoanel  In 
dealing  with  the  aany  probleaa  encountered  in  the  nation* a  rapidly  developing 
apace  eye t aua •  Ixpertlee  la  the  latent  aclontlflc  developments  la  vital  to  the 
accomplishment  of  teaks  related  to  those  problems .  The  laboratories  that  con¬ 
tribute  to  this  research  are: 

Astonhvslcs  Laboratory t  Launch  vehicle  and  reentry  aerodynamics  and  heat 
tramefer,  propulsion-  chemistry  and  fluid  mechanics,  structural  mechanics,  flight 
dynamics;  high-tanperature  theruonechanics,  gas  kinetics  aad  radiation;  research 
In  environmental  chemistry  aad  contamination;  cv  and  pulsed  chemical  laser 
development  including  chemical  klnatlca,  spectroscopy,  optical  resonators  aad 
bean  pointing,  ataospherlc  propagation,  laser  effects  aad  couateroeaeuree. 

Cheats  tryend  Physics  Laboratory:  Ataospherlc  chemical  reactions,  atao- 
apberlc  optics,  light  scattering,  ate ter  specific  chealcal  reactions  and  radia¬ 
tion  transport  la  rocket  pluses,  applied  laser  spectroscopy,  laser  chemistry, 
battery  electrochemistry,  apace  vacuia  and  radiation  effects  on  materials,  lu¬ 
brication  and  surface  phenomena,  thermionic  amission,  photosensitive  materials 
aad  detectors,  atomic  frequency  standards,  aad  bloenvlrosmental  research  end 
monitoring. 

Electronics  ieaaarch  Laboratory:  Microelectronics,  CaAs  low-noise  and 
poser  devices,  semiconductor  lasers,  electromagnetic  and  optical  propagation 
phenomena,  quantum  electronics,  laser  coamuni cations,  Ildar,  aad  electro-optica; 
eo—nlcatlon  sciences,  applied  electronics,  semiconductor  crystal  aad  device 
physics,  radiometric  Imaging;  aflllaetet-vavo  sad  alcronave  technology. 

Information  Sciences  lesoarch  Office:  Program  verification,  program  trans¬ 
lation^  perforannee- sensitive  system  design,  distributed  architectures  for 
apaeoboroe  computers,  fault-tolerant  couputar  systems,  artificial  intelligence, 
and  alcroelectronlcs  applications. 

Materials  tc lances  Laboratory :  Development  of  nan  neterlals:  natal  matrix 
composites,  polymers,  and  asm  forms  of  carbon;  component  failure  analysis  and 
reliability;  fracture  mechanics  aad  stress  corrosion;  evaluation  of  materials  In 
space  environment;  materials  performance  In  apace  transportation  systems;  anal¬ 
ysis  of  systems  vulnerability  and  survivability  la  on any-induced  environment*  ■ 

games  Ic lances  Laboratory:  Atmospheric  and  Ionospheric  physlca,  radiation 
from  the  atmosphere,  density aad  composition  of  the  upper  atmosphere,  aurorae 
aad  alrglov,  aagnetospberlc  physics,  cosmic  rays,  generation  and  propagation  of 
plasma  neves  la  the  magnetosphere;  solar  physics.  Infrared  astronomy;  the 
offsets  of  suelear  explosions,  magnetic  storms,  aad  solar  activity  an  the 
earth’s  atmosphere,  Ionosphere,  aad  magnetosphere;  the  effects  of  optical, 
elect romagnot 1c ,  and  particulate  radiations  in  apace  on  space  systems. 


